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Abstract Presentism is, roughly, the metaphysical doctrine that maintains
that whatever exists, exists in the present. The compatibility of presentism
with the theories of special and general relativity was much debated in recent
years. It has been argued that at least some versions of presentism are consis-
tent with time-orientable models of general relativity. In this paper we confront
the thesis of presentism with relativistic physics, in the strong gravitational
limit where black holes are formed. We conclude that the presentist position
is at odds with the existence of black holes and other compact objects in the
universe. A revision of the thesis is necessary, if it is intended to be consistent
with the current scientific view of the universe.
Keywords Presentism · space-time · black holes · relativity · four-
dimensionalism
1 Introduction
Presentism is a metaphysical thesis about what there is. It can be expressed
as (e.g. Crisp 2003):
Presentism. It is always the case that, for every x, x is present.
The quantification is unrestricted, it ranges over all existents. In order to make
this definition meaningful, the presentist must provide a specification of the
term ‘present’. Crisp, in the cited paper, offers the following definition:
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Present. The mereological sum of all objects with null temporal
distance.
The notion of temporal distance is defined loosely, but in such a way that it
accords with common sense and the physical time interval between two events.
From these definitions it follows that the present is a thing, not a concept. The
present is the ontological aggregation of all present things. Hence, to say that
‘x is present’, actually means “x is part of the present”.
The opposite thesis of presentism is eternalism, also called four-dimensionalism.
Eternalists believe in the existence of past and future objects. The temporal
distance between these objects is non-zero. The name four-dimensionalism
comes form the fact that in the eternalist view, objects are extended through
time, and then they have a 4-dimensional volume, with 3 spatial dimensions
and 1 time dimension. There are different versions of eternalism. The reader
is referred to Rea (2003) and references therein for a discussion of eternalism.
Several philosophers have defended presentism from various critiques, no-
tably Chisholm (1990), Bigelow (1996), Zimmerman (1996, 2011), Merricks
(1999), Hinchliff (2000), Crisp (2007), and Markosian (2004)1. Some of these
authors have considered criticisms arisen from the alleged incompatibility of
presentism with relativity theory. In what follows we review the main objec-
tions posed to presentism in the framework of both relativities, special and
general, and then we move on to consider a new type of argument based on
the existence of compact objects in the universe. We show that the presentist
cannot accept the standard physical understanding of these objects, without
introducing changes in his ontological views or rejecting current astrophysics2.
2 Presentism and special relativity
Special relativity is the theory of moving bodies formulated by Albert Einstein
in 1905 (Einstein 1905). It postulates the Lorentz-invariance of all physical
law statements that hold in a special type of reference systems, called inertial
frames. Hence the ‘restricted’ or ‘special’ character of the theory. The equa-
tions of Maxwell electrodynamics are Lorentz-invariant, but those of classical
mechanics are not. When classical mechanics is revised to accommodate invari-
ance under Lorentz transformations between inertial reference frames, several
modifications appear. The most notorious is the impossibility of defining an
absolute simultaneity relation among events. The simultaneity relation results
to be frame-dependent. Then, some events can be future events in some refer-
ence system, and present or past in others. Since what there is cannot depend
on the reference frame adopted for the description of nature, it is concluded
that past, present, and future events exist. Then, presentism is false.
1 See also the recent review by Mozersky (2011).
2 We note that some authors such as Savitt (2006), Dorato (2006), Dolev (2006), and more
recently Norton (2013) have argued that the dispute between presentism and eternalism is
not a genuine one. We are not concerned with this dispute, but with the consistency of
presentism with general relativity.
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This argument has been formulated with different levels of sophistication
by philosophers such as Smart (1963), Rietdijk (1966), and Putnam (1967).
In particular, both Rietdijk and Putnam argued independently that special
relativity implies determinism. This position was revisited by Maxwell (1985)
in the eighties. He maintained that probabilism3 and special relativity were
incompatible. Strong objections to Rietdijk, Putnam, and Maxwell can be
found in Stein (1968, 1991)4. In his 1991 paper Stein showed that “the openness
of the future relative to the past for any region of space-time is, given special
relativity, logically incompatible with the objective global temporal structure”
(Harrington 2009). In later years Harrington (2008, 2009) defended a theory
of local temporality, also called point-present theory, which assuming special
relativity allows for the possibility of an open future, i.e not fully determined
(see also Ellis (2006) and Ellis and Rothman 2010).
The argument for eternalism from special relativity seems particularly
strong in the reformulation of this theory proposed by Hermann Minkowski.
Minkowski (1907, 1909) introduced the concept of space-time: the mereological
sum of all events. Space-time can be represented by a 4-dimensional manifold
endowed with a metric that allows to compute distances between events. These
are spatio-temporal distances or intervals. The differential (arbitrarily small)
interval for Minkowski space-time, which is invariant under Lorentz transfor-
mations, is:
ds2 = ηµνdx
µdxν = (dx0)2 − (dx1)2 − (dx3)2 − (dx3)2, (1)
where the Minkowskian metric tensor ηµν is pseudo-Euclidean, with rank 2
and trace −2. The coordinates with the same sign are called spatial (the usual
convention in notation is x1 = x, x2 = y, and x3 = z) and the coordinate
x0 = ct is called time coordinate. The constant c is introduced to make the
physical units uniform, and can be shown to be equal to the speed of light in
empty space.
Minkowski’s interpretation allows to separate space-time, at each point
(every point represents an event), in three regions according to ds2 < 0 (space-
like region), ds2 = 0 (light-like or null region), and ds2 > 0 (time-like region).
Particles that go through the origin can only reach time-like regions. The
null surface ds2 = 0 can be inhabited only by particles moving at the speed
of light, like photons. Points in the space-like region cannot be reached by
material objects from the origin of the light cone that can be formed at any
space-time point (see Fig. 1).
The introduction of the metric allows to define the future and the past
of a given event. Once this is done, all time-like events can be classified by
the relation ‘earlier than’ or ‘later than’. The selection of a ‘present’ event - or
‘now’ - is entirely conventional. To be present is not an intrinsic property of any
event. Rather, it is a secondary, relational property that requires interaction
3 Probabilism is the thesis that the universe is such that, at any instant, there is only one
past but many alternative futures (Maxwell 1985).
4 The controversy between Putman and Stein is reviewed by Saunders (2002).
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Fig. 1 Light cone. Causal future, past, and the present plane of the central event are shown.
with a conscious being. The extinction of the dinosaurs will always be earlier
than the beginning of the Second World War. But the latter was present only
to some human beings in some physical state. The present is a property like a
scent or a color. It emerges from the interaction of self-conscious individuals
with changing things and has not existence independently of them (for more
about this point of view, see Gru¨nbaum 1973, Chapter X).
This sounds convincing, but there is a strong ontological assumption: the
system of all events is assumed. This provides a simplification that pleases the
physicist, but can terrify the philosopher. Presentists, surely, will plainly reject
this assumption as outrageous. But do they have an alternative interpretation
of special relativity with the same explanatory and predictive power as that
of Minkowski’s?
Yes, they have. The alternative was already suggested by Poincare´ (1902)
in the form of the conventionalist thesis. Poincare´ remarked that it is always
possible to save an interpretation based on an Euclidean physical geometry
if additional fields are introduced in the theory to adjust all physical quanti-
ties (lengths, masses, speeds) to the adopted geometry. In the case of special
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relativity, this yields Lorentz’s theory of moving bodies. Physicist will always
prefer the simplest theory, but the presentist can argue that from an onto-
logical point of view, Minkowski’s interpretation is far more costly than the
presentist one: a 3-dimensional Euclidean and Lorentz-invariant theory. An
Euclidean space-time is consistent with presentism since the interval can be
written as:
ds2 = (cdt)2 + dx2 + dy2 + dz2. (2)
Hence, since in a proper system ds = cdτ , and using the invariance of the
interval, we get:
dτ2 = dt2 +
1
c2
dx2 = dt2
(
1 + β2
)
, (3)
where
β =
v
c
.
From Eq. (3) follows that dτ = 0 iff dt = 0. All events have zero temporal
distance in the 3-dimensional Euclidean plane. A full discussion of such an
alternative is presented by Craig (2001).
An Euclidean geometry can be preserved (to a high price, i.e. introducing
distorting fields) in special relativity since both Euclidean and Minkowskian
geometries have zero intrinsic curvature. The curvature of a given manifold is
given by the Riemann tensor Rαβγδ, formed with second derivatives of the met-
ric. This tensor is identically zero for any space-time with a constant metric.
Since the intrinsic curvature is the same for both Euclidean and Minkowskian
geometries, it is always possible to find a global transformation between them.
In the case of more general space-times, represented by manifolds with intrin-
sic curvature, such transformations can only be local. This leads us to general
relativity.
3 Presentism and general relativity
A basic characteristic of Minkowski space-time is that it is ‘flat’: all light
cones point in the same direction, i.e. the local direction of the future does
not depend on the coefficients of the metric since these are constants. More
general space-times, however, are possible. If we want to describe gravity in the
framework of space-time, we introduce a pseudo-Riemannian manifold, whose
metric can be flexible, i.e. a function of the material properties (mass-energy
and momentum) of the physical systems that produce the events represented
by space-time points.
The key to relate space-time to gravitation is the equivalence principle
introduced by Einstein (1907): at every point P of the manifold that represents
space-time, there is a flat tangent surface.
In order to introduce gravitation in a general space-time we define a met-
ric tensor gµν , such that its components can be related to those of a locally
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Minkowskian space-time defined by ds2 = ηαβdξ
αdξβ through a general trans-
formation:
ds2 = ηαβ
∂ξα
∂xµ
∂ξβ
∂xν
dxµdxν = gµνdx
µdxν . (4)
In the absence of gravity we can always find a global coordinate system
(ξα) for which the metric takes the form given by Eq. (1) everywhere. With
gravity, conversely, such a coordinate system can represent space-time only in
an infinitesimal neighborhood of a given point. The curvature of space-time
means that it is not possible to find coordinates in which gµν = ηµν at all
points on the manifold. It is always possible, however, to represent the event
(point) P in a system such that gµν(P ) = ηµν and (∂gµν/∂x
σ)P = 0.
The key issue to determine the geometric structure of space-time, and hence
to specify the effects of gravity, is to find the law that fixes the metric once the
source of the gravitational field is given. The source of the gravitational field
is represented by the energy-momentum tensor Tµν that describes the phys-
ical properties of material things. This was Einstein’s fundamental intuition:
the curvature of space-time at any event is related to the energy-momentum
content at that event.
The Einstein field equations can be written in the simple form (Einstein
1915):
Gµν = −8piG
c4
Tµν , (5)
where Gµν is the so-called Einstein’s tensor. It contains all the geometric in-
formation on space-time. The constants G and c are the gravitational constant
and the speed of light in vacuum, respectively.
Einstein’s field equations are a set of ten non-linear partial differential
equations for the metric coefficients. In Newtonian gravity, otherwise, there is
only one gravitational field equation. General relativity involves numerous non-
linear differential equations. In this fact lays its complexity, and its richness.
A crucial aspect of general relativity is that 4-dimensional space-time with
non-zero curvature is not dispensable anymore. Is this implying that presen-
tism should be abandoned? Not necessarily.
Thomas Crisp (2007) has proposed a “presentist-friendly” model of gen-
eral relativity. He suggests that the world is represented by a 3-dimensional
space-like hypersurface that evolves in time. This interpretation requires to
introduce a preferred foliation of space-time, and to consider the 3 + 1 usual
decomposition for the dynamics of space-time in such a way that ‘the present’
is identified with the evolving hypersurface (see Fig. 2).
In order to formulate such a model of space-time, some global constraints
must be imposed: there should be a possible foliation into Cauchy hypersur-
faces in order to allow for global time-like continuous vector fields that can be
used to introduce a “global time coordinate”. This is the case, for instance,
of the Friedmann-Robertson-Walker-Lemaˆıtre metric. General conditions for
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Fig. 2 A ‘presentist-friendly’ space-time: Evolving 3-dimensional space-like surfaces in a
space-time with a preferred time-direction.
such a metric requires the absence of Cauchy horizons and the fulfillment of
the so-called energy conditions (Hawking and Ellis 1973).
Although a case can be made for general inhomogeneous metrics and mas-
sive violations of the energy conditions on the basis of recent cosmological
data (e.g. Pleban´ski and Krasin´ski 2006), in what follows we focus on local
aspects that should be accommodated in any cosmological model compatible
with current astrophysics.
4 Black holes and the present
We shall now provide a general definition of a black hole, independently of the
coordinate system adopted in the description of space-time, and even of the
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exact form of the field equations. A space-time is represented by an order pair,
formed by a manifold M and a metric gµν , i.e. (M, gµν).
Let us consider a space-time where all null geodesics that start in a region
J− end at J +. Then, such a space-time, (M, gµν), is said to contain a black
hole if M is not contained in the causal past5 J−(J +). In other words, there
is a region from where no null geodesic can reach the asymptotic flat6 future
space-time, or, equivalently, there is a region of M that is causally disconnected
from the global future. The black hole region, BH, of such space-time is BH =
[M−J−(J +)], and the boundary of BH in M , H = J−(J +)⋂M , is the event
horizon.
A black hole can be conceived as a space-time region, i.e. what characterizes
the black hole is the metric and, consequently, space-time curvature. What is
peculiar of this space-time region is that it is causally disconnected from the
rest of the space-time: no events inside this region can make any influence on
events outside. Hence the name of the boundary, event horizon: events inside
the black hole are separated from events in the global external future of space-
time. The events in the black hole, nonetheless, as all events, are causally
determined by past events. A black hole does not represent a breakdown of
classical causality.
The simplest type of black hole is described by the Schwarzschild metric;
this metric characterizes the geometry of space-time outside a spherically sym-
metric matter distribution. The Schwarzschild metric for a static mass M can
be written in spherical coordinates (t, r, θ, φ) as7:
ds2 =
(
1− 2GM
rc2
)
c2dt2 −
(
1− 2GM
rc2
)−1
dr2 − r2(dθ2 + sin2 θdφ2). (6)
The radius
rSchw =
2GM
c2
, (7)
is known as the Schwarzschild radius. It corresponds to the event horizon if
all the matter that generates the curvature is located at r < rSchw.
The light cones can be calculated from the metric (6) imposing the null
condition ds2 = 0. Then:
dr
dt
= ±
(
1− 2GM
r
)
, (8)
where we made c = 1. Notice that when r →∞, dr/dt→ ±1, as in Minkowski
space-time. When r → 2GM , dr/dt → 0, and light moves along the surface
r = 2GM . The horizon is therefore a null surface. For r < 2GM , the sign
of the derivative is inverted. The inward region of r = 2GM is time-like for
5 The notions of causal past and future of a space-time region can be found, for instance,
in Hawking and Ellis (1973) and Wald (1984).
6 Asymptotic flatness is a property of the geometry of space-time which means that in
appropriate coordinates, the limit of the metric at infinity approaches the metric of the flat
(Minkowskian) space-time.
7 These coordinates are usually referred as ‘Schwarzschild coordinates’.
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Fig. 3 Space-time diagram in Schwarzschild coordinates showing the light cones close to
and inside a black hole.
any physical system that has crossed the boundary surface. In Fig. 3 we show
the behavior of light cones in Schwarzschild coordinates. Similar figures are
given in classical textbooks such as Misner et al. (1973, p. 848) and Carroll
(2004, p. 219). As we approach to the horizon from the flat space-time region,
the light cones become thinner and thinner indicating the restriction to the
possible trajectories imposed by the increasing curvature. On the inner side
of the horizon the local direction of time is ‘inverted’ in the sense that null or
time-like trajectories have in their future the singularity at the center of the
black hole.
There is a very interesting consequence of all this: an observer on the
horizon will have her present along the horizon. All events occurring on the
horizon are simultaneous. The temporal distance from the observer at any
point on the horizon to any event occurring on the horizon is zero (the observer
is on a null surface ds = 0 so the proper time interval is necessarily zero8). If
the black hole has existed during the whole history of the universe, all events
on the horizon during such history (for example the emission of photons on the
horizon by infalling matter) are present to any observer crossing the horizon.
These events are certainly not all present to an observer outside the black
hole. If the outer observer is a presentist, she surely will think that some of
these events do not exist because they occurred or will occur either in the
remote past or the remote future. But if we accept that what there is cannot
depend on the reference frame adopted for the description of the events, it
seems we have an argument against presentism here. Before going further into
the ontological implications, let us clarify a few physical points.
8 Notice that this can never occur in Minkowski space-time, since there only photons can
exist on a null surface. The black hole horizon, a null surface, can be crossed, conversely, by
massive particles. The fact that the event horizon is a null surface is demonstrated in most
textbook on relativity, see, e.g. Hartle (2003, p. 273) and d’Inverno (2002, p. 215).
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What happens to an object when it crosses the event horizon? According
to Eq. (6), there is a singularity at r = rSchw. However, the metric coefficients
can be made regular by a change of coordinates. For instance we can consider
Eddington-Finkelstein coordinates. Let us define a new radial coordinate r∗
such that radial null rays satisfy d(ct± r∗) = 0. Using Eq. (6) it can be shown
that:
r∗ = r +
2GM
c2
log
∣∣∣∣r − 2GM/c22GM/c2
∣∣∣∣ .
Then, we introduce:
v = ct+ r∗.
The new coordinate v can be used as a time coordinate replacing t in Eq. (6).
This yields:
ds2 =
(
1− 2GM
rc2
)
(c2dt2 − dr2∗)− r2dΩ2,
or
ds2 =
(
1− 2GM
rc2
)
dv2 − 2drdv − r2dΩ2, (9)
where
dΩ2 = dθ2 + sin2 θdφ2.
Notice that in Eq. (9) the metric is non-singular at r = 2GM/c2. The only
real singularity is at r = 0, since the Riemann tensor diverges there. In order to
plot the space-time in a (t, r)-plane, we can introduce a new time coordinate
t∗ = v − r. From the metric (9) or from Fig. 4 we see that the line r = rSchw,
θ =constant, and φ = constant is a null ray, and hence, the surface at r = rSchw
is a null surface. This null surface is an event horizon because inside r = rSchw
all cones have r = 0 in their future. In Figure 4 we see how the light cones tilt
in Eddington-Finkelstein coordinates. All light cones of events at r = rSchw
have their null surfaces coincident with the horizon. The horizon itself is a null
surface common to all light cones associated with physical systems that are
entering the black hole.
We remark, then, that the horizon 1) does not depend on the choice of the
coordinate system adopted to describe the black hole, 2) it is an absolute null
surface, in the sense that this property is intrinsic and not frame-dependent,
and 3) is non-singular (or ‘well-behaved’, i.e. space-time is regular on the
horizon).
More complex black holes can be considered. For instance, rotating (Kerr),
charged (Reissner-Nordstro¨m), or both rotating and charged (Kerr-Newman)
black holes. In all of them the outer event horizons are null surfaces, so the
above considerations remain valid. Rotating black holes introduce additional
problems to presentism, related to the existence of Cauchy horizons and closed
timelike curves, but we do not discuss these issues here. Rather, we focus on
the implications of the existence of null surfaces that can be crossed by massive
particles or observers for presentism.
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Fig. 4 Space-time diagram in Eddington-Finkelstein coordinates showing the light cones
close to and inside a black hole. The event u occurs at the event horizon, represented by
the surface of the cylinder. The global time direction is in the direction of the axis of the
cylinder.
5 Ontological implications
In a world described by special relativity, the only way to cross a null surface is
by moving faster than the speed of light. As we have seen, this is not the case
in a universe with black holes. We can then argue against presentism along
the following lines.
Argument A1:
– P1: There are black holes in the universe.
– P2: Black holes are correctly described by general relativity.
– P3: Black holes have closed null surfaces (horizons).
– Therefore, there are closed null surfaces in the universe.
Argument A2:
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– P4: All events on a closed null surface are simultaneous with any event on
the same surface.
– P4i: All events on the closed null surface are simultaneous with the birth
of the black hole.
– P5: Some distant events are simultaneous with the birth of the black hole,
but not with other events related to the black hole.
– Therefore, there are events that are simultaneous in one reference frame,
and not in another.
Simultaneity is frame-dependent. Since what there exist cannot depend
on the reference frame, we conclude that there are non-simultaneous events.
Therefore, presentism is false.
Let us see which assumptions are open to criticism by the presentist.
An irreducible presentist might plainly reject P1. Although there is sig-
nificant astronomical evidence supporting the existence of black holes (e.g.
Casares 2006, Camenzind 2007, Paredes 2009, Romero and Vila 2013), the
very elusive nature of these objects still leaves room for some speculations like
gravastars, and other exotic compact objects. The price of rejecting P1, how-
ever, is very high: black holes are now a basic component of most mechanisms
that explain extreme events in astrophysics, from quasars to the so-called
gamma-ray bursts, from the formation of galaxies to the production of jets
in binary systems. The presentist rejecting black holes should reformulate the
bulk of contemporary high-energy astrophysics in terms of new mechanisms. In
any case, P1 is susceptible of empirical validation through direct imagining of
the super-massive black hole “shadow” in the center of our galaxy by sub-mm
interferometric techniques in the next decade (e.g. Falcke et al. 2011). In the
meanwhile, the cumulative case for the existence of black holes is overwhelm-
ing, and very few scientists would reject them on the basis of metaphysical
considerations only.
The presentist might, instead, reject P2. After all, we know that general
relativity fails at the Planck scale. Why should it provide a correct description
of black holes? The reason is that the horizon of a black hole is quite far
from the region where the theory fails (the singularity). The distance, in the
case of a Schwarzschild black hole, is rSchw (see Eq. 7). For a black hole of 10
solar masses, as the one suspected to form part of the binary system Cygnus
X-1, this means 30 km. And for the black hole in the center of the galaxy,
the Schwarzschild radius is of about 12 million km. Any theory of gravitation
must yield the same results as general relativity at such distances. So, even
if general relativity is not the right theory for the classical gravitational field,
the correct theory should predict the formation of black holes under the same
conditions.
There is not much to do with P4, since it follows from the condition that
defines the null surface: ds = 09; similarly P4i only specifies one of the events
on the null surface. A presentist might refuse to identify ‘the present’ with
a null surface. After all, in Minksowskian space-time or even in a globally
9 ds = cdτ = 0→ dτ = 0, where dτ is the proper temporal separation.
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Fig. 5 Light cones aperture angles at different distances from the horizon of a Schwarzschild
black hole. On the horizon the null surface is coincident with the hyperplane of present.
time-orientable pseudo-Riemannian space-time the present is usually taken as
the hyperplane perpendicular to the local time (see Figs. 1 and 2). But in
space-times with black holes, the horizon is not only a null surface, it is also a
surface locally normal to the time direction. This can be appreciated in Figure
5, where the angle θ is the angle between the null surface and the hyperplane of
the present. In a Minkowskian space-time such an angle is 45◦ when the speed
of light is measured in natural units (c = 1). In such a space-time, certainly
the plane of the present is not coincident with a null surface. However, close to
the event horizon of a black hole, things change, as indicated by Eq. (8). As we
approach the horizon, θ goes to zero, i.e. the null surface matches the plane of
the present. On the horizon, both surfaces are exactly coincident: θ → 0 when
r → rSchw. A presentist rejecting the identification of the present with a closed
null surface on an event horizon should abandon what is perhaps her most
cherished belief: the identification of ‘the present’ with hypersurfaces that are
normal to a local time-like direction.
The result mentioned above is not a consequence of any particular choice of
coordinates but, as mentioned in Sect. 4, an intrinsic property of a black hole
horizon. This statement can be easily proved. The symmetries of Schwarzschild
space-time imply the existence of a preferred radial function, r, which serves as
an affine parameter along both null directions. The gradient of this function,
ra = ∇ar satisfies (c = G = 1):
rara =
(
1− 2M
r
)
. (10)
Thus, ra is space-like for r > 2M , null for r = 2M , and time-like for r <
2M . The 3-surface given by r = 2M is the horizon H of the black hole in
14 Gustavo E. Romero, Daniela Pe´rez
Schwarzschild space-time. From Eq. (10) it follows that rara = 0 over H, and
hence H is a null surface10.
Premise P5, perhaps, looks more promising for a last line of presentist
defense. It might be argued that events on the horizon are not simultaneous
with any event in the external universe. They are, in a very precise sense,
cut off from the universe, and hence cannot be simultaneous with any distant
event. Let us work out a counterexample.
The so-called long gamma-ray bursts are thought to be the result of the
implosion of a very massive and rapidly rotating star. The core of the star be-
comes a black hole, which accretes material from the remaining stellar crust.
This produces a growth of the black hole mass and the ejection of matter from
the magnetized central region in the form of relativistic jets (e.g. Woosley
1993). Approximately, one of these events occur in the universe per day. They
are detected by satellites such as Swift (e.g. Piran and Fan 2007), with dura-
tions of a few tens of seconds. This is the time that takes for the black hole
to swallow the collapsing star. Let us consider a gamma-ray burst of, say, 10
seconds. Before these 10 seconds, the black hole did not exist for a distant ob-
server O1. Afterwards, there is a black hole in the universe that will last more
than the life span of any human observer. Let us now consider an observer
O2 collapsing with the star. At some instant she will cross the null surface of
the horizon. This will occur within the 10 seconds that the collapse lasts for
O1. But for O2 all photons that cross the horizon are simultaneous, includ-
ing those that left O1 long after the 10 seconds of the event and crossed the
horizon after traveling a long way. For instance, photons leaving the planet of
O1 one million years after the gamma-ray burst, might cross the horizon, and
then can interact with O2. So, the formation of the black hole is simultaneous
with events in O1 and O2, but these very same events of O2 are simultaneous
with events that are in the distant future of O1. The situation is illustrated in
Fig. 6.
The reader used to work with Schwarzschild coordinates perhaps will ob-
ject that O2 never reaches the horizon, since the approaching process takes
10 An interesting case is Schwarzschild space-time in the so-called Painleve´-Gullstrand
coordinates. In these coordinates the interval reads:
ds2 = dT 2 −
(
dr +
√
2M
r
dT
)2
− r2dΩ2, (11)
with
T = t+ 4M
(√
2M
r
+
1
2
ln
∣∣∣∣∣
√
2M
r
− 1√
2M
r
+ 1
∣∣∣∣∣
)
. (12)
If a presentist makes the choice of identifying the present with the surfaces of T =constant,
from Eq. (11): ds2 = −dr2− r2dΩ2. Notice that for r = 2M this is the event horizon, which
in turn, is a null surface. Hence, with such a choice, the presentist is considering that the
event horizon is the hypersurface of the present, for all values of T . This choice of coordinates
makes particularly clear that the usual presentist approach to define the present in general
relativity self-defeats her position if space-time allows for black holes.
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Fig. 6 Foliation of a temporally-oriented space-time with a black hole. The time span from
the birth of the black hole to the event E1 is ∆t.
an infinite time in a distant reference frame, like that of O1. This is, however,
an effect of the choice of the coordinate system and the test-particle approx-
imation (see, for instance, Hoyng 2006, p.116). If the process is represented
in Eddington-Finkelstein coordinates, it takes a finite time for the whole star
to disappear, as shown by the fact that the gamma-ray burst are quite short
events. Accretion/ejection processes, well-documented in active galactic nuclei
and microquasars (e.g. Mirabel et al. 1998) also show that the time taken to
reach the horizon is finite in the asymptotically flat region of space-time.
Our conclusion is that presentism, as usually stated, provides a defective
picture of the ontological substratum of the world.
6 Final remarks
What kind of ontological view is compatible with black hole astrophysics? We
suggest that one where what we call ‘present’ has a local rather than a global
character. The detachment between local and global time occurring in a black
hole results, as we have seen, in a checkmate for the presentist position. There
is no way to re-identify the present to give it back a global meaning in a
universe with black holes.
The intuitive ontology adopted by most practising astrophysicists is one
where there are things, and these things change relative to each other. One can
speculate that space-time is an emergent property of the system of all things
(e.g. Bunge 1977, Perez-Bergliaffa et al. 1998). The exact formulation of such
an ontological theory to encompass a relativistic view of the world, taking
into account the peculiarities of non-local effects in quantum mechanics, is an
open problem. A problem that cries for attention from both philosophers and
scientists alike.
16 Gustavo E. Romero, Daniela Pe´rez
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